Development of an atmospheric combustor test rig for firing envodiesel blends by Ahmad Shafie, Noor Emilia
DEVELOPMENT OF AN ATMOSPHERIC COMBUSTOR TEST RIG FOR 
FIRING ENVODIESEL BLENDS 
 
 
 
 
 
 
 
 
 
 
 
 
NOOR EMILIA BINTI AHMAD SHAFIE 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
 
  
DEVELOPMENT OF AN ATMOSPHERIC COMBUSTOR TEST RIG FOR FIRING 
ENVODIESEL BLENDS 
 
 
 
 
 
NOOR EMILIA BINTI AHMAD SHAFIE 
 
 
 
 
 
A thesis submitted in fulfillment of the  
requirements for the award of the degree of  
Master of Engineering (Mechanical) 
 
 
 
 
 
 
Faculty of Mechanical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
 
 
SEPTEMBER 2012 
iii 
 
 
 
 
To my beloved mother, father and husband 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
 
ACKNOWLEDGEMENTS 
 
 
 
 
 In preparing this thesis, I have been in contact with many people, researchers, 
academicians and practitioners. They have contributed towards my understanding 
and thoughts.  In particular, I wish to express my sincere appreciation to my main 
thesis supervisor, Professor Dr. Mohammad Nazri Bin Mohd Jaafar for his 
encouragement, guidance, critics and friendship. I am also very thankful to my co-
supervisor Associate Professor Ir. Yahaya Bin Ramli for the guidance, advices and 
motivation.  Besides that, I would like to express many thanks to MD Interactive 
Company, AZMA Global Company and Halira Company for supplying and 
fabricating the research equipment.  My sincere appreciation also extends to all my 
colleagues and others who have provided assistance at various occasions. Their 
views and tips are useful indeed.  A special thanks to Ministry of Science, 
Technology and Innovation (project no: 03-01-06-KHAS01) for financial support of 
this research.  Lastly I would like to thank my family and husband for the support 
towards the completing of my thesis. 
 
 
 
 
 
 
 
 
 
 
 
v 
 
 
ABSTRACT 
 
 
 
 
Liquid fuel combustion contributed to air pollution and global warming 
problems.  Combustion using fossil fuel e.g. petroleum diesel produces high 
concentration of emissions such as carbon dioxide (CO2), carbon monoxide (CO), 
nitrogen oxide (NOx) and sulphur dioxide (SO2).  Palm biodiesel consists of palm 
methyl ester and diesel has been used to reduce the emission value.   However, the 
production of biodiesel is expensive.  Therefore, the direct blending method of palm 
olein and diesel has been used to produce envodiesel without using the 
transesterification process.  The properties and characteristics of envodiesel have 
been studied in order to determine the fuel performance during combustion.  A 500 
mm length and 152 mm diameter of combustor has been fabricated using stainless 
steel tube for firing the envodiesel blends.  Thermocouples type-K are placed axially 
along the combustor length to measure the wall temperatures. Besides that, the gas 
analyzer probe has been used to measure the emission gas during the testing.  An 
axial swirler of 45º angle with 8 blades, fuel injector system, electrode copper igniter 
system, air blower and super heater are installed in the combustion system to burn 
the envodiesel blends.  As a result, envodiesel blends with 5% palm olein and 95% 
diesel (B5) has higher wall temperature as compared to other blends.  The result 
shows the various percentages of envodiesel blends decrease the CO2, CO, NOx and 
SO2 emission.  The B25 has lowest of CO2, CO, NOx and SO2 values of 3%, 492 
ppm, 8 ppm and 9 ppm respectively.  It can be concluded the envodiesel blends have 
lower emissions compared to diesel fuel.  
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ABSTRAK 
 
 
Pembakaran bahan api cecair menyumbang kepada masalah pencemaran 
udara dan pemanasan global.  Pembakaran yang menggunakan bahan api fosil seperti 
minyak diesel telah menghasilkan kepekatan emisi yang tinggi seperti karbon 
dioksida (CO2), karbon monoksida (CO), oksida nitrogen (NOx) dan sulfur dioksida 
(SO2).  Minyak sawit biodiesel yang mengandungi metil ester sawit dan diesel telah 
digunakan untuk mengurangkan kadar pembebasan gas emisi.  Walaubagaimanapun, 
kos penghasilan minyak biodiesel adalah tinggi.  Oleh itu, kaedah pengadunan 
langsung telah digunakan untuk menghasilkan minyak sawit diesel (envodiesel) 
tanpa melalui proses tindak balas pentransesteran.  Ciri-ciri dan sifat minyak sawit 
diesel telah dikaji bagi mengenalpasti potensi minyak ini dalam pembakaran.  Kebuk 
pembakaran sepanjang 500 mm telah dihasilkan menggunakan tiub keluli tahan karat 
berdiameter 152 mm untuk membakar minyak sawit diesel.  Pengganding-haba jenis-
K diletakkan secara memaksi di sepanjang kebuk pembakaran untuk merekodkan 
suhu dinding.  Selain itu, alat pengukuran emisi juga digunakan untuk mengukur 
kadar pembebasan gas semasa eksperimen dijalankan.  Pemusar udara aliran paksi 
dengan sudut 45 darjah dan 8 bilah, muncung semburan bahan api, percikan api jenis 
tembaga elektrod, alat pembekal udara dan pemanas udara telah dipasang pada alat 
ujikaji pembakaran bagi membakar adunan minyak sawit diesel.  Keputusan ujikaji 
mendapati adunan 5% minyak sawit dan 95% minyak diesel mempunyai suhu 
dinding kebuk pembakaran yang tinggi berbanding adunan minyak sawit diesel yang 
lain.  Keputusan menunjukkan minyak sawit diesel berbagai adunan telah 
mengurangkan kadar pembebasan gas emisi.  Minyak sawit diesel (B25) 
mengurangkan kadar pembebasan gas emisi sebanyak 3%, 492 ppm, 8 ppm dan 9 
ppm bagi gas karbon dioksida, karbon monoksida, oksida nitrogen dan sulfur 
dioksida.  Kesimpulannya minyak sawit diesel mempunyai kadar pembebasan gas 
emisi yang rendah berbanding minyak diesel. 
